Introduction
One striking characteristic of shrinking MSAs, such as Detroit and Cleveland, is the amount of vacant land and number of abandoned buildings in close proximity to the Central Business Districts (CBDs) of their central cities. This lies in stark contrast to growing MSAs, such as New York City, Chicago, San Francisco, or Boston. Yet, in many shrinking MSAs, as in Detroit and Cleveland, one can find suburbs that do not show the same signs of decline as can be seen within the city limits of the central city. The spatial patterns of population decline observed in Detroit and Cleveland are typical of MSAs that experience net population loss: of the 345 Metropolitan Statistical Areas (MSAs) we studied, the thirty-six MSAs that experienced population loss from 1980 to 2010 showed, on average, the steepest drop in population density in areas close to the CBD. This paper compares demographic changes within growing cities to those within declining cities and explores the relationship between population density near the CBD and MSA-level income growth. We assemble a constant MSA boundary and constant census tract boundary data set for the years 1980, 1990, 2000, and 2010 and perform the first part of our analysis, documenting how population density and other demographic variables evolved as a function of distance to the CBD in growing versus shrinking MSAs. In the second part of our analysis, we construct MSA-level variables by summing and taking weighted means of the tractlevel data to aggregate the variables of interest to MSA-level variables. We find that from 1980 to 2010, changes in population density near the CBD are positively associated with MSA-level income growth, while controlling for changes in population density for the MSA as a whole and initial characteristics of the MSA. This result points to a connection between MSA-level productivity growth and changes in population density near the CBD.
The first part of our analysis, which looks at within-MSA changes in population density and demographics in shrinking and growing cities, relates to a large body of literature on urban growth and suburbanization. Several examples include Rappaport (2003) , Glaeser and Kahn (2001) , Boustan and Shertzer (2010) , and Baum-Snow (2007) . Our work also relates to a set of recent papers that examine spatial patterns within cities such as Guerrieri, Hartley and Hurst (2011) , Glaeser, Gottlieb and Tobio (2012) , and Guerrieri, Hartley and Hurst (2012) .
The second part of our analysis concerns the question of whether the drop in population density that we observe in shrinking cities might act to reinforce the negative shock that is the root cause of the MSA's decline. This question is related to a large body of literature on economies of agglomeration.
2 As Elvery and Sveikauskas (2010) point out, much of the recent empirical evidence on agglomeration points toward agglomeration effects that are present at short distances. 3 These short distance effects point in the direction of the importance of the exchange and diffusion of ideas as opposed to benefits purely driven by forces that are likely to operate at greater distances, such as labor market pooling and supply linkages. A dense CBD may serve as a coordination mechanism by guiding people and firms to a place where these exchanges are most likely to happen. While poly-centric MSAs may provide this as well, it seems plausible that having many diffuse areas of economic activity would make it harder for these informational spillovers to occur.
Given the importance of short distance agglomeration effects, we run OLS regressions of growth in MSA-level income on changes in population density near the CBD and changes in population density for the entire CBD and a host of initial-year MSA-level controls. We find that increases in population density near the CBD are associated with higher MSA-level income growth while increases in population density for the entire MSA are associated with lower income growth. This evidence points to a connection between density near the CBD and agglomerative benefits.
Methodology
In order to take a detailed look at within-MSA changes in population density and other 1980, 1990, and 2000 . The benefit of the NCDB is that the data from years prior to 2000 (1970, 1980, and 1990) Our final sample contains a set of consistently defined variables for 1980, 1990, 2000, and 2010 for 57,403 consistently defined census tracts in 345 MSAs. It is important to note that our MSAs are defined using the 2008 MSA definitions and the boundaries we use do not change over time.
The Relationship between Growth and City Center Density and Other Demographics
We break our sample of 345 MSAs into three groups. The first group consists of the 36
MSAs that lost population between 1980 and 2010 (see Table 1 for the list of these MSAs), the second group consists of the 272 MSAs with population growth between 0 and 100 percent from 1980 to 2010, and the third group consists of the 37 MSAs whose populations grew in excess of 100 percent over the same period (see Table 2 for the list of these MSAs). We refer to these groups as shrinking, moderate growth, and fast growth MSAs, respectively, throughout the chapter.
We find that shrinking MSAs display markedly different patterns in population density and demographic changes near their CBDs compared to the moderate and fast growth MSAs. In MSAs. The figure displays plots of population changes for 1980-1990, 1990-2000, 2000-2010, and for the entire period: 1980-2010.
A number of features of these plots are worth noting. First, in each decade, and as a result for the period as a whole, population density in the group of shrinking MSAs fell the most near the CBD, and fell very little or not at all 30 miles away from the CBD. In contrast, population density in moderate growth cities grew slightly at all distances from the CBD, and population density of fast growth MSAs grew the most ten to fifteen miles from the CBD.
Second, while the shrinking MSAs were higher density than the growing MSAs in 1980, by 2010 growing and shrinking MSAs have very similar density versus distance to CBD profiles. Third, while the 1980s and 2000s saw big drops in center city density for shrinking cities, the 1990s also saw a drop in density near the CBD for shrinking MSAs in the 1990s, but it was smaller.
Given the marked differences in density changes, we next investigate how the spatial patterns have changed for a series of variables related to urban growth literature. The next four rows of Table 3 show the mean changes in the same four population density measures from 1980 to 2010. On average, the increase in population density within 2.5 miles of the CBD was only about 20 people per square mile. However, the mean masks a large amount of variation revealed by the standard deviation, which is 1.25 thousand people per square mile. The mean changes in population density increase as the area considered increases from within 2.5 miles of the CBD up to the whole MSA. The standard deviations of these changes are all large compared to the means. The last four rows of Table 3 show the means and standard deviations of the initial year (1980) MSA demographic characteristics used as controls: log population, per capita income, fraction of population with a Bachelor's or higher degree. In addition to these controls, our preferred specification also includes MSA occupational shares.
These shares are defined as the fraction of employed people sixteen years and older that work in the following occupations: 1. Professional and technical occupations; 2. Sales workers; 3.
Administrative support and clerical workers; 4. Precision production, craft, and repair workers;
5. Operators, assemblers, transportation, and material moving workers; 6. Service workers; 7.
Nonfarm laborers . (Farm, forestry, and fishing workers are the omitted share.) Table 4 presents the results of OLS regressions of MSA income growth on changes in population density near the CBD and changes in population density for the MSA as a whole. Column 4 of Table 4 adds the eight occupational share variables mentioned in the discussion of the summary statistics. The addition of these variables does not have much of an impact on the coefficient on population density near the CBD, but does increase the magnitude of the coefficient on the change in the population density of the MSA as a whole. This is our preferred specification. The aim is to see how changes in near CBD population density and overall MSA population density correlate with MSA income growth while controlling for a number of initial year differences in demographics and occupational structures that might be correlated with subsequent income growth. The coefficients imply that after controlling for all of these initial year demographic and occupational factors, a one standard deviation increase in near CBD population density is associated with about a 12 percentage point increase in income per capita, which is roughly 4 percent of the mean growth in per capita income. The coefficient on MSA-level change in population density implies that a one standard deviation increase is associated with a 17 percentage point decrease in per capita income, or roughly 6 percent of mean income growth.
Columns 5 and 6 present estimates of the same specification as column 4, except that instead of defining near the CBD as within 5 miles, near is defined as within 2.5 miles and within 7.5 miles of the CBD in columns 5 and 6, respectively. While the coefficient on the change in population density near the CBD is smaller in magnitude that it is in column 4, it is still significantly different from zero, and a one standard deviation increase in population density near the CBD still implies about the same 12 percentage point increase in income growth as it did in column 4. However, changing the definition of "near the CBD" to "within 7.5 miles" (in column 6) results in a coefficient harder to distinguish from zero and implies that a one standard deviation increase in population density near the CBD is associated with less than a 9 percentage point increase in per capita income at the MSA level.
Discussion
We find that growth in population density near the CBD is positively associated with income growth at the MSA level. While this finding appears to be robust to adding a number of initial year demographic controls and to some variation in the definition of proximity to the CBD, it is unclear what mechanisms may underlie this relationship. One explanation is that loss of density near the CBD might adversely affect MSA-level income growth by decreasing short distance agglomerative benefits, such as the exchange of ideas and information. An alternative explanation is that the causality runs in the opposite direction. It could be the case that rising income, especially at the upper end of the income distribution, results in a segment of the population who value a short commute so much that they trade the space available in the suburbs for the reduced commute of the area near the CBD. If the market responds by adding residential housing units near the CBD, then population density near the CBD could increase.
6
A desire to differentiate between these two possible scenarios led us to consider potential instruments that might be correlated with near CBD population density and which would not be expected to influence MSA-level income growth except by way of their influence on near CBD population density. One potential instrument is the measure of area (land or water) unavailable for development within fifty kilometers of the CBD as calculated in Saiz (2010) . This fraction of the area within fifty kilometers of the CBD that is unavailable for development is associated with increases in population density within 2.5 miles of the CBD. Taking our column 5 specification, and altering it so that changes in population density within 2.5 miles of the CBD is instrumented with the fraction undevelopable variable and dropping the initial year population density variables, results in a first stage F statistic of 10.37 and a t statistic on the unavailable variable of 6 Leroy and Sonstelie (1983) show how a pattern of high income people moving back to the CBD from the suburbs could occur when modes of transportation such as the car are adopted first by high income people and then by low income people. Lin (2002) provides empirical support for this hypothesis. Brueckner, Thisse, and Zenou (1999) posit that variation in amenity levels may explain variation across cities in the degree to which high income households tend to be concentrate in the suburbs versus near the CBD.
3.22. However, including the initial population density measures using the 5 or 7.5 mile definitions of "near the CBD" result in much lower first stage F and t statistics.
The other issue is whether it is plausible that the fraction of area unavailable for development within fifty kilometers of the CBD could influence MSA-level income growth in some manner other than by way of population density near the CBD. Saiz (2010) discusses why one would expect productivity to be correlated with the fraction of area unavailable for development: with many possible places to develop a city, places where development is more costly must have some natural advantage in productivity or amenity. Higher productivity could result in a correlation between area unavailable for development and income levels. However, it is unclear whether one would expect area unavailable to have an effect on income growth. For these reasons, we do not put much emphasis on the IV results. 7 However, we find the robustness of the association between changes in population density near the CBD and MSA-level income growth interesting. We think that exploring the mechanisms that may link changes in population density near the CBD to MSA-level productivity is an area for future policy-oriented research. If core density is important for productivity then policymakers across the entire MSA might want to consider measures aimed at keeping the center city densely populated.
Conclusion
Anecdotal evidence from Detroit and Cleveland suggests that shrinking MSAs have lost the most population density near their CBDs. We find that, on average, this is true for the 36
MSAs that have lost population from 1980 to 2010. We find steep drops in population density 7 For the curious reader two-stage least squares results from the specification noted above with an F of 10.37 yield a coefficient on change in population density near the CBD of 0.527 and with a standard error of 0.182.
for shrinking cities close to the CBD which die off as distance from the CBD increases. This pattern is not evident in growing MSAs. In conjunction with the drops in population density near the CBDs of shrinking MSAs, we find less of an increase in educational attainment than in places farther away from the CBD in shrinking MSAs, and less of an increase in educational attainment than in places near the CBD in growing cities. On average, shrinking MSAs also have lower increases in income, higher increases in poverty rates, and more of an increase in the fraction of the population that is African American near the CBD than do growing MSAs.
Changes in the fraction of the population that is Hispanic are larger in growing MSAs than in shrinking MSAs but these changes do not display much of a relationship with distance to the CBD in either type of MSA. Finally, the fraction of the population that is between the ages of twenty-five and thirty-four falls more as distance to the CBD increases. This pattern is very similar in growing and shrinking MSAs.
In the second part of our analysis we turn to the question of whether changes in population density near the CBD are related to changes in MSA-level productivity that are reflected in the growth of income per capita in the MSA. In OLS regressions we find a positive partial correlation between changes in population density near the CBD and MSA-level income growth from 1980 to 2010 while controlling for changes in overall MSA-level population density over the same period and controlling for a number of initial-year (1980) MSA characteristics.
We explore a potential instrument for changes in population density but are not convinced that it is a strong enough instrument. We hope that further research uncovers the mechanisms that underlie the positive association between changes in population density near the CBD and MSAlevel income growth, allowing leaders to craft informed policies to build stronger and more resilient cities.
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